Abstract The signature symptom of alcohol-induced persisting amnestic disorder, more commonly referred to as alcoholic Korsakoff's syndrome (KS), is anterograde amnesia, or memory loss for recent events, and until the mid 20th Century, the putative brain damage was considered to be in diencephalic and medial temporal lobe structures. Overall intelligence, as measured by standardized IQ tests, usually remains intact. Preservation of IQ occurs because memories formed before the onset of prolonged heavy drinking-the types of information and abilities tapped by intelligence tests-remain relatively well preserved compared with memories recently acquired. However, clinical and experimental evidence has shown that neurobehavioral dysfunction in alcoholic patients with KS does include nonmnemonic abilities, and further brain damage involves extensive frontal and limbic circuitries. Among the abnormalities are confabulation, disruption of elements of executive functioning and cognitive control, and emotional impairments. Here, we discuss the relationship between neurobehavioral impairments in KS and alcoholism-related brain damage. More specifically, we examine the role of damage to prefrontal brain systems in the neuropsychological profile of alcoholic KS.
Introduction
In vivo neuroimaging studies and postmortem analyses of the brains of alcoholics have revealed abnormalities associated with prolonged and extensive alcohol consumption. Likewise, results of neuropsychological tests sensitive to impaired mental processes after damage to particular brain systems have disclosed abnormalities in cognitive abilities and emotional functioning in chronic alcoholics (OscarBerman and Marinkovic 2007; Chanraud et al. 2010) . One of the striking and tragic legacies of decades of chronic alcoholism, often accompanied by poor nutrition, is the severe neuropsychiatric condition, alcohol-induced persisting amnestic disorder (American Psychiatric Association 2000), commonly known as alcoholic Korsakoff's syndrome (KS). Although the condition most often is associated with protracted alcohol abuse and concomitant thiamine (vitamin B 1 ) deficiency, other ailments such as prolonged gastrointestinal disturbances can deplete thiamine and lead to KS (Charness 2010; Oscar-Berman and Evert 1997) . Additional rare causes of KS have been reported in the absence of thiamine deficiency: intraventricular hemorrhage; thalamic infarction; T-cell lymphoma; CreutzfeldtJakob disease; and multiple sclerosis (see Oscar-Berman and Evert 1997) . The focus of the present review, however, is alcoholic KS.
Alcoholic KS usually is preceded by Wernicke's encephalopathy, an acute, transient stage of neurological symptoms that include confusion, impairments of consciousness, difficulties moving eye muscles, and problems with gross muscle control. With thiamine treatment, good nutrition, and alcohol abstinence, Wernicke's encephalopathy can resolve; it tends to develop into the more stable and chronic condition of alcohol-induced persisting amnestic disorder, i.e., alcoholic KS (Sechi and Serra 2007; Victor 1994; Zahr et al. 2011) . However, many authors continue to refer to alcoholic KS as Wernicke-Korsakoff syndrome. Caine et al. (1997) suggested an operational definition of WernickeKorsakoff syndrome. This definition includes unremitting anterograde amnesia and "disorientation in the absence of an acute confusional state," and two of the following: dietary deficiency, occulomotor abnormalities, cerebellar dysfunction and "either an altered mental state or mild memory impairment" (page 54). Note that this terminology describes a broad combination of symptoms of the acute clinical presentation of Wernicke's encephalopathy together with the subsequent chronic and stable disorder of alcoholinduced persisting amnestic disorder. In the present review, our primary focus is on the permanent KS condition, unless otherwise indicated.
Alcoholic KS is characterized most dramatically by amnesia, but the amnesia does not encompass all memories equally. Instead, memory loss for recent events (anterograde amnesia) is considerably more severe than loss of memories for information learned prior to the onset of alcoholism (retrograde amnesia). Thus, many early memories are intact, and general intelligence scores remain within the normal range (Oscar-Berman et al. 1993) . For decades subsequent to Korsakoff's initial description of the disorder named after him (Victor and Yakovlev 1955) , anterograde amnesia was the dominant focus of clinical assessment and research inquiry, and damage within Papez (1937) circuit, especially diencephalic damage, was thought to be the source of the amnesia (Brion 1969; Talland 1965; Victor et al. 1971) . To account for additional cognitive and emotional symptoms observed in KS patients, several writers included cortical damage as well (Barbizet 1963; Talland 1965) , although there was no consensus on the locus. Investigators stressed the idea that the diencephalic damage in KS patients was caused by thiamine deficiency, and patients with acute, alcoholic Wernicke's encephalopathy who do not receive thiamine treatment, have shown evidence of hemorrhagic lesions within the region around the diencephalon (Kashi et al. 2009 ). However, other researchers suggested that the cortical abnormalities were caused by alcohol neurotoxicity or by other conditions associated with alcoholism (e.g., liver disease or head trauma) (Charness 2010 ).
There still are conflicting opinions about the pathogenesis of KS, with much of the debate revolving around the relative contributions of nutritional deficiency and alcohol neurotoxicity (Ribeiro and Pereira 2010) . In any case, it should be noted that Korsakoff's own account of the neuropathology of the syndrome also included damage to large regions of the brain, including cerebral cortex and structures deep within the brain; however precise cortical and subcortical loci were not detailed (Victor and Yakovlev 1955) . Rather, Korsakoff described mainly the neuropsychological characteristics that he observed in association with various etiologies. In fact, he reported virtually all of the important cognitive and emotional impairments that might accompany or contribute to the anterograde amnesia (Banks 1996) , some of which remain understudied to this day. The diencephalic brain damage that has come to be implicated in the amnesia of KS was detailed much later by investigators such as Brion (1969) and Victor et al. (1971 Victor et al. ( , 1989 who examined postmortem pathology but used differing neuropsychological criteria to classify their patients. To date, controversy remains regarding the critical lesion sites (Harper 2009; Visser et al. 1999) . Therefore, the idea that the syndrome can be confirmed with postmortem neuropathological evidence alone without precise knowledge of ante mortem neuropsychological symptomatology and a clinical picture, may be misleading when attempting to reconcile differing accounts of the neuropathology. A possible solution was proposed by Caine et al. (1997) , who suggested an operational definition of KS, that is, unremitting anterograde amnesia, a clear sensorium, and two of the following: dietary deficiency, occulomotor abnormalities, and cerebellar dysfunction.
Nevertheless, with increased sensitivity of neurobehavioral assessment tools and the availability of functional and structural brain imaging techniques, the true complexity of the disorder is being revealed. In addition to anterograde amnesia, other domains of cognitive impairment have been described. These include deficits in attention, abstract thinking, cognitive flexibility, and behavior regulation (Oscar-Berman and Evert 1997). Additionally, KS patients often appear to have diminished volition, they seem emotionally apathetic, and they give an impression of being unaware of their disabilities (Talland 1965; Victor and Yakovlev 1955; Warner 1934) . Thus, the combined picture clearly began to point to dysfunctional frontal brain circuitry. Consequently, systematic study ensued, and now frontal-system dysfunction is recognized as a primary contributor to the behavioral characteristics of the disorder. In this review, we first describe the prefrontal neuroanatomical networks that are vulnerable in alcoholic KS. We then summarize key domains of associated neurobehavioral impairment.
Neuroanatomical Circuitry of Prefrontal Brain Systems
A complex and interconnected circuitry involving overlapping brain regions defines the neural substrate associated with the various mnemonic and nonmnemonic deficits observed in alcoholism (see Figs. 1 and 2) (Barrett et al. 2007; Bowirrat and Oscar-Berman 2005; Harper and Matsumoto 2005; Makris et al. 2008; Oscar-Berman and Bowirrat 2005; Oscar-Berman and Marinkovic 2007; Schulte et al. 2010; Zahr et al. 2010) . The key cortical and subcortical components of this network (the Extended Reward and Oversight System; Fig. 2 ) are frontal areas (dorsolateral prefrontal, ventral/orbitofrontal, and anterior cingulate) and their underlying white matter, the insula, and limbic regions (hippocampus, amygdala, nucleus accumbens, and the ventral diencephalon: the hypothalamus, basal forebrain, sublenticular extended amygdala, and a large portion of the ventral tegmentum) (Barbas 2007; Barrett et al. 2007; Makris et al. 2008; Pfefferbaum and Sullivan 2005; Pitel et al. 2009; Yeterian et al. 2012) . Results of in vivo magnetic resonance imaging (MRI) and postmortem neuropathological studies of non-Korsakoff (i.e., uncomplicated) alcoholics indicate that the most apparent cortical abnormalities occur in the frontal lobes, with concurrent thinning of the corpus callosum (Pfefferbaum et al. 1996) , and concomitant compromise of pontocerebellar and cerebellothalamocortical systems (Sullivan 2003) . Compromise of components in the circuitry of this extensive reward and oversight system may adversely influence remote regions within that circuit, resulting in characteristic alcoholism-related cognitive and motor deficits. However, even when one component may be compromised, another component may be invoked as a compensatory processing adjunct in situations where alcoholics are faced with difficult cognitive challenges Zahr et al. 2010) . Pathological brain aberrations in patients with alcoholic KS likely involve this same extended circuitry, and other brain regions as well. That is, although damage to limbic structures and atrophy of portions of prefrontal cortex have been clearly and consistently associated with KS (Moselhy et al. 2001; Oscar-Berman et al. 2004; Pitel et al. 2009 ), involvement of specific diencephalic regions remains emphasized: the mammillary bodies and the region enclosed by the anterior and mediodorsal thalamic nuclei, including the parataenial nucleus (Caulo et al. 2005; Harding et al. 2000; Reed et al. 2003; Vetreno et al. 2012) . Other affected brain areas are periaquaeductal and periventricular gray matter, the basal forebrain, hippocampal regions, middle cingulate cortex, and the cerebellum (Pitel et al. 2009; Sullivan et al. 2000; Sullivan and Marsh 2003; Vetreno et al. 2012; Zahr et al. 2010 Zahr et al. , 2011 .
High-order association areas such as prefrontal cortex (Fig. 2 ) allow us to attend to and maintain relevant information in mind and resist interference, which in turn, is necessary for understanding the significance of perceptions and actions. Traditionally, primate prefrontal cortex has been classified into at least three primary subdivisionslateral, orbital (or ventral), and medial-each having different cytoarchitectonic characteristics and afferent/efferent connections (Fuster 2008; Yeterian et al. 2012) . Recent neuroimaging studies of the human frontal lobes have suggested that they are organized hierarchically in a rostrocaudal direction. As such, cognitive control is supported in progressively caudal regions during concrete action decisions, whereas rostral regions control more abstract decisions and actions (Badre and D'Esposito 2009) . This neuroanatomical schema is important to keep in mind when considering clinical deficits of decision-making and impulse control, which in turn increase the propensity of the affected individual to make poor and risky decisions, including continued abuse of alcohol or other substances.
Through the multiple innervations of its different centers, preserved prefrontal brain circuitry is essential for such functions as memory consolidation and recall, spatial and contextual sensory processing, integration of stimulusreward associations, decision-making, and determination of mood (Bressler and Menon 2010; Barrett et al. 2007; Rissman and Wagner 2012; Rushworth et al. 2011; Wallis 2007) . Executive functions and appreciation of nonemotional environmental stimuli are thought to be under control of the lateral prefrontal brain system (Tanji and Fig. 1 Brain regions involved in the Extended Reward and Oversight System (EROS; Makris et al. 2008) . Prefrontal and cingulate regions connect to the nucleus accumbens (NAc) in the ventral striatum, the midbrain ventral tegmental area (VTA), and reciprocally with other limbic system structures (limbic brainstem, amygdala, and hippocampus). Limbic structures also interconnect with the NAc and to the basal forebrain (substantia innominata, or sublenticular extended amygdala: SLEA). The VTA projects to the NAc (reciprocally), to the thalamus and hypothalamus, and to prefrontal cortex. The NAc projects to the thalamus, which projects to prefrontal cortex Hoshi 2008), with connections that include parietal cortex, the ventral striatum, and the hippocampus Santarelli et al. 2003) , and their interconnected fiber pathways (Schmahmann and Pandya 2006) . Response inhibition, emotional expression, and memory for social cues are controlled by a ventral/orbital frontal circuit, with strong amygdala influence (Barbas et al. 2003; LoPresti et al. 2008) . The medial prefrontal cortex, most notably the anterior cingulate region, essential for inhibitory control and error-monitoring, has a role in emotions as well, specializing in the expression of emotions through pathways to autonomic structures (Barbas et al. 2003; Jackson et al. 2006; Schulte et al. 2010) . Figure 3 represents an example of one such model of a large-scale network involving prefrontal brain circuitry and multiple connections (Bressler and Menon 2010) .
Together, these cortical-subcortical networks control high-level cognitive and emotional processes important for learning reward-values and affective-properties of stimuli, and they allow us to modulate our responses (Rushworth et al. 2011; Wood and Grafman 2003) . Thus, this system is strongly involved in many bio-behavioral functions impaired in alcoholics, and its breakdown and dysfunction are responsible for a variety of abnormalities, e.g., impaired maintenance and monitoring of spatial and object information (Müller et al. 2002) ; disruption of decision-making (Bechara 2003; Bolla et al. 2005; Brand et al. 2005; LeDoux 2000; Pandya and Yeterian 2002; Patterson et al. 2002; Poldrack et al. 1999 ); insensitivity to feedback or rewards (Brand et al. 2009; Wrase et al. 2007 ); impairments in emotional control and behavioral inhibition ; and initiating drug use or relapse after protracted abstinence Goldstein and Volkow 2011) . Indeed, Goldstein and Volkow (2002) proposed that disrupted function of the system-with emphasis on prefrontal cortex-leads to a syndrome of Fig. 2 Components of prefrontal brain circuitry (Barrett et al. 2007) . Figure 2 highlights its cortical components. The ventral system includes two closely connected circuits that are anchored in the orbitofrontal cortex (OFC; Fig. 2c ). The more sensory system involves the lateral sector of the OFC (a, c, purple). It is closely connected to the anterior insula (d, yellow) and the basolateral complex in the amygdala (2d, rose, ventral aspect). The visceromotor circuitry includes the ventral portion of the ventromedial prefrontal cortex, which lies in the medial sector of the OFC (2a, b, c, blue) where the medial and lateral aspects of OFC connect; ventromedial prefrontal cortex is closely connected to the amygdala (including the central nucleus, d, rose, dorsal aspect) and the subgenual parts of the anterior cingulate cortex on the medial wall of the brain (2b, copper and peach). The dorsal system is associated with mental state attributions including the dorsal aspect of the ventromedial prefrontal cortex corresponding to the frontal pole (b, maroon), the anterior cingulate (2b, peach), and the dorsomedial prefrontal cortex (2a, b, green). Ventrolateral prefrontal cortex is shown in red (2a). Structures in the reward circuitry include the OFC, dorsolateral prefrontal (2a, orange) and cingulate cortex (2b, copper and tan), the thalamus (b, light pink), the ventral striatum (2d, green), the amygdala (2d, rose) and hippocampus (2d, gray), and the limbic brainstem Impaired Response Inhibition and Salience Attribution in all addictions. This syndrome is characterized by "attributing excessive salience to the drug and drug-related cues, decreased sensitivity to non-drug reinforcers, and decreased ability to inhibit maladaptive or disadvantageous behaviors" (Goldstein and Volkow 2011, p. 652) . The authors provided an informative schematic figure, based upon neuroimaging findings, that shows differences in prefrontal brain activity between addicted and healthy individuals involving functional domains such as attention and memory, decision-making and inhibitory control, and emotion and motivation. These same functional domains are the predominant dysfunctional characteristics of alcoholic KS patients, and here we review literature related to them. However, we caution that our use of the terminology representing the domains is generic, general, and atheoretical. We acknowledge that the definitions of the major constructs may differ across subfields within the cognitive neurosciences and addictions (Alvarez and Emory 2006; Goldstein and Volkow 2011; Knudsen 2007; Posner 2011; Rolls 2008) ; this is reflected in large part in the complex and widespread underlying neurocircuitry.
Functional Domains of Prefrontal System Abnormalities in Alcoholic Korsakoff's Syndrome
Before the advent of sophisticated neuroimaging techniques, damage within the diencephalon was believed to be responsible for the amnesia characteristically associated with KS. However, a few investigators, including Korsakoff himself, considered the syndrome to be accompanied by a combination of cortical and diencephalic lesions (Barbizet 1963; Talland 1965; Victor and Yakovlev 1955; Warner 1934) but neuroanatomical specificity was absent. Specific emphasis on frontal involvement was apparent, however, when Victor et al. (1971) reported mild cortical atrophy primarily involving the frontal regions in 27 % of cases with Wernicke-Korsakoff syndrome; the frontal atrophy was concurrent with histopathological evidence showing 88 % of the cases having damage in the medial dorsal thalamic nucleus, and 100 % of cases involving the medial mammillary nucleus. Over the next two decades, there were additional reports of frontal brain abnormalities in conjunction with diencephalic pathology associated with alcoholic KS (Adams et al. 1993; Cala et al. 1978; Cave and Squire 1992; Fig. 3 An example of a model of a large-scale network involving prefrontal brain circuitry with multiple connections. This model is based upon a review of findings from structural and functional neuroimaging studies (Bressler and Menon 2010) . It hypothesizes that the salience network (middle) initiates dynamic switching between the central-executive (right) and default-mode (left) networks, and mediates between attention to endogenous and exogenous events. Sensory and limbic inputs are processed by the anterior insula, which detects salient events and initiates appropriate control signals to regulate behavior via the anterior cingulate cortex (and homeostatic states via the mid and posterior insular cortex). Key nodes of the salience network include the anterior cingulate cortex and the anterior insula; the default-mode network includes the ventromedial prefrontal cortex and posterior cingulate cortex, with input from the amygdala; the central-executive network includes the dorsolateral prefrontal cortex and posterior parietal cortex, with input from the ventral striatum and hippocampus. (Adapted from Bressler and Menon 2010.) Harper and Kril 1993; Hunter et al. 1989; Jacobson and Lishman 1990; Jernigan et al. 1991a, b; Oscar-Berman and Evert 1997; Paller et al. 1997; Pfefferbaum et al. 1992; Shimamura et al. 1988; Volkow et al. 1992 ). More recently, combined neuropsychological and neuroimaging evidence has suggested that alcoholic KS likely is linked to an interruption of complex cerebellothalamocortical and limbic circuitry rather than to damage mainly of the diencephalon (Fama et al. 2004; Sullivan and Marsh 2003; Zahr et al. 2010 Zahr et al. , 2011 . Further, this circuitry is densely interconnected with other cortical and subcortical brain regions and networks, including the default mode network, which is implicated in executive control processes such as attention and inhibition, and in addictions (Buckner et al. 2011; Goldstein and Volkow 2011; Raichle and Snyder 2007) .
Although the issue is far from settled regarding whether or not the brain abnormalities of alcoholics with and without KS differ along a continuum (Brokate et al. 2003; Pitel et al. 2008; Zahr et al. 2011) , there is considerable evidence that both groups do have gray and white matter pathology, most especially damage in prefrontal cortex (Moselhy et al. 2001; Pitel et al. 2008 Pitel et al. , 2009 Pitel et al. , 2012 , although the degree of damage generally is greater in KS patients. In uncomplicated alcoholics, for example, structural imaging studies have clearly documented gray matter abnormalities in prefrontal cortex, most notably in the dorsolateral prefrontal region. These anomalies have been associated with longer lifetime alcohol use (Fein et al. 2002; Chanraud et al. 2007 ) and poorer neuropsychological functioning (Chanraud et al. 2007) , and deficits have persisted from six months to six years or more of abstinence Makris et al. 2008; Wobrock et al. 2009 ). Additionally, in short-term and long-term abstinent alcoholics, functional MRI (fMRI) studies have reported enhanced BOLD responses in bilateral dorsolateral prefrontal and anterior cingulate regions to alcohol-related cues relative to control cues (Grüsser et al. 2004; Heinz et al. 2007) . In general, then, the primary distinction between the neuropathologies associated with uncomplicated alcoholism and KS is the extensive involvement of limbic and diencephalic brain regions in the latter group (Buhler and Mann 2011; Pitel et al. 2009 Pitel et al. , 2012 Sullivan and Pfefferbaum 2009 ).
Attention and Memory
In addition to brain-based evidence of frontal system abnormalities in KS patients, neurobehavioral evidence also has implicated frontal involvement. Indeed, initial neuropsychological evidence of frontal system damage in KS patients raised the possibility that it may play a role-as yet undefined-in their anterograde amnesia. For example, Korsakoff noted that a weakness in attentional control might be partly responsible for the recall failure, or conversely, that the memory disorder might prevent the execution of attentional strategies, or both (Banks 1996; Victor and Yakovlev 1955) . In any case, because attentional deficits in KS were assumed to reflect fragile endogenous control processes, frontal deficits were implied. Moreover, if KS patients had impaired attentional abilities, their ability to learn at least some stimulus characteristics would be limited. Therefore, we conducted experimental tests of this notion. First we assessed the cognitive strategies employed by KS patients as they learned visual discrimination problems, and we found inefficient use of relevant visual information in favor of perseverative choices of preferred but irrelevant stimuli (Oscar-Berman 1973) . Subsequently, we tested KS patients with a procedure that permitted an analysis of the specific stimulus features to which the patients attended (Oscar-Berman and Samuels 1977). The patients showed a selective responsivity to preferred stimulus attributes and a disregard for the relevance of other attributes. Moreover, even when the patients were provided with memory aids so that the information required for problem solution was fully available, they continued to choose their preferred stimuli. In another study (Parkinson 1979) , KS patients were presented with lists of dichoticlistening stimuli, consisting of word-number pairs, with instructions to (a) divide their attention between ears and report by stimulus category, and (b) focus their attention and report by ear. The KS patients were impaired not only on the number of category reports but also on the ear reported second in the selective attention condition. The authors attributed poor accuracy with category reports to an impairment of semantic feature processing, and the deficit on the ear reported second to the patient's sensitivity to proactive interference. While the deficits likely are tied to prefrontal abnormalities, we still do not know the extent to which they result from abnormalities in separate, independent functions that happen to be located in the same damaged brain areas. In short, the relationship between impairments in specific components of attention and prefrontal damage in KS has not been studied systematically.
By contrast, as is summarized extensively by others, including contributors to this issue of Neuropsychology Review, there have been innumerable studies exploring the relationship of prefrontal damage to memory impairments in KS (Bardenhagen et al. 2007; Fama et al. 2004; OscarBerman and Bardenhagen 1998) . In brief, the findings have revealed a disproportionate impairment in recall memory relative to recognition memory, an impairment in identifying the temporal context or temporal sequence of memories, and repetitive spontaneous confabulations (Gilboa and Verfaellie 2010; Kopelman 2008; Shimamura et al. 1991) .
Prospective memory, which relies more on the frontal lobes than retrospective memory (Umeda et al. 2011) , also is impaired in KS patients. Prospective memory differs from other types of memory in that it involves the processes and strategies by which one plans and organizes memory, which are important, in turn, for monitoring and then performing future actions. In one study, Shimamura et al. (1991) described a series of experiments comparing KS patients, non-KS amnesic patients, and frontal lobe patients on a variety of mnemonic and nonmnemonic neuropsychological tests. They found that KS patients were as impaired as frontal patients on tasks of prospective memory. However, Brunfaut et al. (2000) later reported that aspects of prospective memory were preserved in KS patients. Conflicting results often reflect differences in methodologies employed by different laboratories. For example, Groot et al. (2002) evaluated prospective memory in patients with memory disorders (only one of whom had KS) and found performance to be correlated with scores on conventional memory and executive function tests. Importantly, the investigators noted that time-based tasks are more difficult than event-based tasks because the former place higher demands on inhibitory control mechanisms, and compensatory strategies improve prospective memory functioning. Clearly, further work is needed to understand the characteristics and scope of prospective memory impairments in KS, including strategic versus automatic monitoring of cueing, cue salience, and planning.
Confabulations are memory distortions that occur in patients with alcoholic KS, and Borsutzky et al. (2008) investigated the nature of these types of false memories in KS patients. The researchers used a standardized confabulation interview to investigate memory domains most affected by confabulations in KS, and they found that the patients confabulated most within the episodic/autobiographical memory domain, i.e., mainly with respect to their personal past and present. In another study of confabulation in KS patients, Kessels and colleagues (2008) distinguished between spontaneous and provoked confabulations, each having different underlying cognitive mechanisms and possible neuroanatomical underpinnings. Provoked confabulationsrelated to intrusions on memory tests-were quantified by third-party ratings; spontaneous confabulations, which may be due to executive dysfunction or a source memory deficit, were assessed with a confabulation battery. The investigators found deficits by the KS patients in source memory, in which the patients incorrectly assigned previously learned words to the wrong word list. Also, the KS patients had extensive executive deficits, but no relationship between the severity of these deficits and the severity of confabulation or intrusions on a memory task was found. Thus, the findings provided evidence for dissociation between spontaneous confabulation, provoked confabulation, and false memories. It should be noted that basic questions remain about how confabulation should be defined, how many types of confabulation there are, their underlying neurocognitive mechanisms, and their neural bases (Gilboa and Verfaellie 2010) . In any case, because confabulations are characteristic of KS, Borsutzky et al. (2008) recommended that the screening of confabulation tendencies be used as a supplementary clinical tool for a detailed description of the memory profile of KS patients.
Although memory researchers continue to differentiate among aspects of the memory impairments related to damage in diencephalic, medial temporal, and prefrontal areas, results have remained inconsistent (Brokate et al. 2003) . Nonetheless, studies by other investigators, including contributors to the present issue of Neuropsychology Review, have described memory impairments in KS patients that likely reflect the consequences of frontal system damage to the signature amnesia (Kopelman et al. 2009; Modirrousta and Fellows 2008; Spiegel and Lim 2011; van Geldorp et al. 2012) .
Executive Functions There is no definitive one-to-one relationship between intact executive functions and frontal lobe integrity (Alvarez and Emory 2006; Elliott 2003; Fuster 2008) . However, executive functions have been linked to frontal brain systems, and there is abundant neurobehavioral evidence that alcoholic KS patients have impairments in executive functioning. As defined by Lezak (1982) , "Executive functions comprise those mental capacities necessary for formulating goals, planning how to achieve them, and carrying out the plans effectively. They are at the heart of all socially useful, personally enhancing, constructive, and creative activities. With the executive functions intact, a person can suffer many different kinds and combinations of sensory, motor, and cognitive deficits and still maintain the direction of his own life and be productive as well. Impairment or loss of these functions compromises a person's capacity to maintain an independent, constructively self-serving, and socially productive life no matter how well he can see and hear, walk and talk, and perform tests" (p. 281).
Theorists differ with regard to which of many diverse cognitive functions are to be considered as executive functions (Alvarez and Emory 2006; Stuss and Knight 2002) , but at the very least, the term encompasses a host of processes that act in harmony and are responsible for the highlevel action of monitoring and controlling behaviors necessary for maintaining focus and achieving outcomes in possibly adverse circumstances (Williams et al. 2009 ). Thus, executive skills include an array of complex mental abilities such as connecting past experiences with present actions; planning future behavior when faced with novel tasks; making judgments; changing behaviors and strategies; paying attention; and remembering details to guide decisionmaking. Executive skills also are involved in evaluating risks, recognizing future consequences of our actions, choosing between good and bad actions, suppressing unacceptable social responses, determining similarities and differences among objects or events, initiating or postponing responses, and prioritizing or switching tasks. These complex sets of behaviors are achievable only if the neurological structures and functions are intact, and frontal brain circuitry is associated with orchestration and control of these processes (Fuster 2008; Stuss and Knight 2002) . The deficits observed in KS patients, which include disinhibition, restricted attention, increased susceptibility to interference, poor judgment and planning abilities, difficulty solving problems (irrespective of the type of material or the sensory modality), abnormal response perseveration, and blunted affect, are clear indications that the syndrome includes executive dysfunction (Krabbendam et al. 2000; Oscar-Berman and Evert 1997) . Here, we review exemplary categories of executive impairments observed in KS: (a) difficulties the patients might have in the course of daily living; (b) deficits revealed with formal neurobehavioral tests; and (c) deficiencies in the ability to make adaptive reward-guided decisions. Our coverage does not include deficits in working memory, which are the bases of discussions in other papers in this issue (also see OscarBerman and Bardenhagen 1998). (2009) used ecologically valid tests of executive dysfunction in KS patients to examine various subtypes of the deficits that the authors considered to be relevant to clinical practice, and that the patients would encounter in daily life, such as planning a map route, switching between tasks (response inhibition), and self monitoring. Sixteen of their 20 KS patients were impaired on at least one of the subtests, most notably on a subtest developed to assess planning of unstructured tasks and shifting attention between them (i.e., telling a story, completing arithmetic problems, and writing down the names of pictures of objects printed on a series of cards).
Skills for Daily Living Van Oort and Kessels
The ability to estimate the duration of time is another practical skill in which frontal-executive functions play a crucial role (Berlin 2004; Fuster 2008) , and an abnormal internal clock will have significance for recognizing future consequences resulting from current actions. Korsakoff even suggested that patients who confabulate might have a disturbed sense of time, which results in confusion about events that occurred at different time periods (Victor and Yakovlev 1955) . A negative correlation between magnitude of time estimation and performance on a test of cognitive estimation thought to assess frontal functions in KS patients has been viewed as evidence for the role of frontal systems in time estimation (Shaw and Aggleton 1994) . In a study by Mimura and colleagues (2000) , the researchers examined the relationships between memory, frontal-executive functions, and temporal estimation by comparing KS patients and patients with frontal damage on several measures of time judgment. They reasoned that if the internal clocks of the patients were abnormally accelerated, decelerated, or variable, time judgments would be correspondingly faulty but still would conform to a constant proportion of clock time. However, neither of the groups of patients showed such constancy. Compared to control subjects, the atypical temporal estimates of the KS and frontal patients varied in relation to clock time, depending on the amount of clock time involved: The KS patients' impairments were apparent on the long temporal durations (more than 30 s), whereas the frontal patients' estimations were tied to shorter intervals. Therefore, the internal clocks of both groups likely were not functioning normally and may have reflected memoryrelated difficulties as well. In any case, an abnormal internal clock will influence the ability to relate one's current actions to future consequences.
Performance on Formal Neuropsychological Tests Other components of executive functions have been measured with standard neuropsychological assessment methods. In one study that compared performance of abstinent alcoholics with and without KS on documented measures of prefrontal integrity (Oscar-Berman et al. 2004) , results showed that the KS patients were impaired on tests of memory, fluency, cognitive flexibility, and perseveration. Although the uncomplicated alcoholics showed some frontal system deficits, the impairments were mild compared to KS patients' and were related to duration of abstinence (less than five years), duration of abuse (more than 10 years), and amount of alcohol consumed. Thus, impairments in executive functions were severe in KS patients, and the mild deficits observed in the non-KS alcoholics depended upon their drinking history.
In another study, Krabbendam et al. (2000) compared patients with KS to uncomplicated alcoholics and healthy control subjects on a neuropsychological battery that included three tests of frontal-executive functions, and on MRI brain structure measures. The uncomplicated alcoholics had normal brain structure volumes and cognitive performance profiles. The patients with KS, in addition to showing memory and visuoperceptual deficits, also had impairments on two of the three tests of executive functions (Word Fluency and Stroop Interference), and their brain structure volumes were reduced (most apparent as increased volume of the third ventricle).
Reward-guided Decision-making Studies have shown that KS patients are deficient in adaptive decision-making skills, which are presumed to reflect executive dysfunction. For example, Brand et al. (2005) employed a Game of Dice Task to assess decision-making abilities, risk-taking behavior, and insensitivity to future consequences in gambling situations. The task imposed explicit and stable rules for reinforcement and punishment. When the KS patients were compared to healthy controls on that task, and on other neuropsychological tests as well, results showed that the patients were highly impaired. Moreover, deficits on the Game of Dice Task were correlated with specific subcomponents of executive functions (categorization, monitoring, and using feedback), as measured by a modified Wisconsin Card Sorting Test. Because the investigators wanted to ensure that the decision-making deficits in the KS patients in risky situations were caused by executive dysfunctions rather than by impairments in processing feedback, they later used the same gambling test and a modified version of it, in which the feedback components were removed (Brand et al. 2009 ). The researchers found that KS patients again showed a preference for the risky alternatives linked to reductions in executive functioning, irrespective of whether or not feedback was provided.
A key aspect of decision-making involves updating the value of behavioral options, which rely on the executive controlled by prefrontal cortex. In an early study (OscarBerman et al. 1976) , we compared the performance of alcoholic KS patients to that of uncomplicated alcoholics and healthy control subjects on each of three different schedules of spatial probability learning (50:50, 70:30, and 30:70) using monetary reinforcement. Instructions were minimal, and to earn money, the subjects simply had to choose between two left-right alternatives that were differentially rewarded according to the three schedules. Although on all three schedules, choice ratios by the nonalcoholic subjects approximated the reinforcement ratios, the choice ratios of KS patients on the second and third schedules remained close to the reinforcement ratio acquired with the first schedule. In addition, the KS patients made an abnormal number of perseverative errors. On most measures, performance by the uncomplicated alcoholics fell between that of the other two groups. A more recent study has used fMRI in conjunction with differential-reinforcement learning tasks to investigate the integrity of neural mechanisms underlying rewardguided decision-making in uncomplicated alcohol-dependent patients (Park et al. 2010) . The results showed that functional connectivity between striatum and dorsolateral prefrontal cortex predicted impairments in behavior and the magnitude of alcohol craving. Although KS patients have yet to be included in brain imaging studies of decision-making, results in the uncomplicated alcoholics are in line with other findings of abnormalities in prefrontal circuitry in addictions and the pivotal role that frontal brain systems have in adaptive updating of action values and behavioral regulation (Goldstein and Volkow 2011; Koob and Volkow 2010; Wrase et al. 2007) .
A somatic marker hypothesis has been proposed, which suggests that somatic or internal bodily signals guide adaptive decision-making processes when we are faced with complex or conflicting cognitive choices such as those often studied in gambling tasks (Bechara et al. 2005; Damasio 1996) . Processing these internal "emotional" signals can influence our decisions. Further, the relationship between decision-making and emotion (see next section) is emphasized by results showing that different negative feelings can influence judgments and lead to dissimilar choices (Bechara 2004; Lerner and Keltner 2001) . Studies using gambling tasks in substance abusers have shown decision-making impairments in these patients (Fein et al. 2006; Verdejo et al. 2004) . Alcoholism also can lead to deficits in sensitivity to reward (Oscar-Berman et al. 1976) , an important determinant of effective decision-making Fein et al. 2006) . Studies have suggested that changes in the reward system (Makris et al. 2008) lead to the creation of an allostatic state, which represents a chronic deviation from reward set point, and one hypothesis holds that, in an allostatic state, loss of reward leads to disregulation of brain neurotransmitters (Koob and Le Moal 2008a, b; Koob and Volkow 2010) . Several studies have provided support for this hypothesis; they point to lower brain activity in alcoholics in regions such as the frontal lobes, ventral striatum, and limbic system Marinkovic et al. 2009; Phan et al. 2004 ). However, the architecture supporting intact executive functions and top-down control of behavior is complex and likely involves interconnected functional networks that include-in addition to prefrontal cortex, ventral striatum, and limbic system-numerous other regions such as the thalamus and cerebellum (Dosenbach et al. 2008; Wijnia and Goossensen 2010) , all reported to be compromised in KS (Zahr and Sullivan 2008) .
In sum, executive dysfunction is an indisputable characteristic of alcoholic KS. Because of the ubiquity of executive impairments associated with this disorder, Kessels and colleagues (2008) recommended revision of the DSM classification of "alcohol-induced persisting amnestic disorder" in order to include executive dysfunction. They proposed that, in so doing, the rehabilitation process would be facilitated and might even be helpful in reducing memory impairments and confabulatory behavior.
Emotion Executive functioning and emotional functioning can be closely linked, such that different emotions will influence decisions and actions differently (Verdejo et al. 2004) . Emotions engage strong mental and physical states and rely on a seamless coordination among multiple neurophysiological systems spanning different levels of the neuraxis (Davidson et al. 2003; Panksepp et al. 2002) . Lesions in distinctly different areas of the brain will disrupt emotional processing at different levels or stages, e.g., during perception or evaluation of emotional stimuli, and at stages whereby emotional responses are expressed. Therefore, a common feature shared by theories of emotional dysfunction is that multiple brain structures, encompassing widespread brain systems, are involved, including prefrontal cortices (which are particularly involved in the final processing of emotionally relevant stimuli), the anterior cingulate, insula, amygdala, and basal ganglia (Davidson et al. 2003; Goldstein and Volkow 2011; Koob and Le Moal 2008a; Panksepp et al. 2002) . Not surprisingly, therefore, emotional abnormalities accompanying long-term chronic alcoholism cover a broad spectrum. Moreover, Talland (1965) speculated that KS patients' failure to sustain emotional involvement in ongoing events might be an important mechanism in the maintenance of their severe anterograde amnesia. However, that the emotional abnormalities in KS patients may be separable from their memory loss, was demonstrated in a study by Feinstein et al. (2010) showing that emotional feelings in patients with amnesia endured well beyond the conscious recollection for the events that initially triggered the emotion.
Korsakoff noted that KS patients showed little concern about their condition and about events that typically would cause elation or grief in others. In general, the emotional lives of KS patients were bland, monotonous, and devoid of passion or curiosity, and they seemed to lack intentions, plans, or goals (Banks 1996; Victor and Yakovlev 1955) . The apathy and emotional flatness in KS patients also are characteristic of patients with bilateral frontal-lobe damage unrelated to alcoholism (Lezak et al. 2004; Moselhy et al. 2001) . Like individuals with frontal brain damage, alcoholics have impairments in cognitive processing of emotional signals (Jackson et al. 2006; Marinkovic et al. 2009; Monnot et al. 2001; Oscar-Berman and Marinkovic 2007; Schulte et al. 2010; Tsuchida and Fellows 2012) , and they are impaired in social skills, which in turn, impacts their ability to implement their preferred strategies for interpersonal interactions (Gaffney et al. 1998; Verdejo et al. 2004) . One interpersonal skill is perspective taking, the ability to make inferences about the knowledge, thoughts, and feelings of others. This aspect of social cognition is known to be disrupted both with severe alcoholism (Uekermann and Daum 2008) and following prefrontal cortical damage (Bramham et al. 2009; Tranel et al. 2002) . To explore perspective-taking ability in KS patients, Oosterman et al. (2011) used a story comprehension task in which inferences had to be made that either relied on perspective-taking or not, and other aspects of executive function were assessed using an extensive neuropsychological test battery. The performance of KS patients declined with increasing story complexity, but the pattern of decline for perspective-taking and non-perspective-taking stories was similar compared to that of a control group of nonalcoholic subjects. Furthermore, the performance decline with increasing task complexity was directly related to the overall decline in executive functioning measured with the neuropsychological battery. The authors concluded that aspects of executive function unrelated to perspective-taking per se, appeared to underlie the KS patients' difficulties with story comprehension.
Systematic studies evaluating emotional dysfunction in KS patients have revealed deficits in labeling and recognition of anger, fear, and surprise. KS patients also are deficient in processing emotional prosody and in judging the intensity of emotions (Clark et al. 2007; Montagne et al. 2006; OscarBerman et al. 1990; Snitz et al. 2002) . We examined the ability of KS patients to identify different affective states using facial expressions and voice intonations (affective prosody) as stimuli (Oscar-Berman et al. 1990 ). We found that KS patients showed deficits in emotional perception in both modalities, but since we did not separate the different task demands of prosody and semantic content, Snitz et al. (2002) explored those aspects of the task. They examined affective prosody discrimination and identification in KS patients, and observed impairments when the semantic content was either neutral or incongruent with prosody. The results suggested that KS patients were impaired in interpreting the meaning of affective prosody in the absence of semantic cues as to the emotional content of sentences. Montagne et al. (2006) investigated the perception and recognition of emotional expressions in KS patients by showing them video clips in which a neutral facial expression gradually changed into an emotional expression. The investigators gauged the amount of expression on the face that was needed for correct identification. They found that the KS patients showed impaired recognition of facial expressions of anger, fear and surprise, and they interpreted the pattern as evidence for a general expression-recognition deficit, which likely reflected dysfunction of frontal brain circuitry, including connections with the amygdala.
In a study that sought to differentiate KS patients' deficits in judgments of emotional stimuli from those of uncomplicated alcoholics and healthy control subjects, we asked participants to rate stimuli according to emotional valence and intensity (Clark et al. 2007 ). The primary difference among the groups was that the KS patients attributed the most positive valence to neutral stimuli. Overall, the pattern of behavioral results implicated bi-hemispheric frontal and subcortical involvement in the abnormalities of emotion identification, but it was not clear whether the findings were due to a deficiency in emotional processing itself, or whether deteriorated basic processes underlying all kinds of judgment tasks resulted in affective judgment errors. Therefore, Brand et al. (2003) analyzed possible underlying cognitive processes of emotional and nonemotional judgments in KS patients using a cognitive estimation test consisting of four dimensions (size, weight, quantity, and time) and an affective judgment task comprising negative, neutral, and positive words. In a later study in the same laboratory (Labudda et al. 2010) , the researchers also assessed valence classification performance for emotional pictures. In both studies, the KS patients' results showed marked deficits concerning both cognitive estimation and affective judgments. The deficits were highly intercorrelated, and performance was related to processing speed, executive functions, and memory, suggesting a common basis for cognitive estimation and affective judgments.
The relationship between emotional impairments and abnormalities of frontal brain circuitry in KS has been based primarily on inferences made in the absence of neuroimaging data with KS patients. However, fMRI studies of emotional functioning in patients with focal lesions of different subregions within prefrontal areas have disclosed that damage to ventromedial prefrontal cortex impaired the detection of subtle facial expressions of emotion (Tsuchida and Fellows 2012) . Such patients had difficulty distinguishing emotional from neutral expressions. In contrast, patients with left ventrolateral prefrontal lesions were able to detect the presence of emotional signals but had difficulty discriminating between specific emotions. These effects were regionally specific: Dorsomedial prefrontal damage had no effect on either aspect of emotion recognition. The findings suggested that separable processes relying critically on distinct regions within prefrontal cortex are responsible, on the one hand, for detecting emotional signals from facial expressions and, on the other, for correctly classifying such signals.
Other studies have used fMRI scans to document numerous instances of emotional abnormalities in non-KS alcoholics (Marinkovic et al. 2009; Oscar-Berman and Marinkovic 2007; Urban et al. 2007) , and Schulte et al. (2010) described contributions of cortico-limbic fiber degradation to emotional dysfunction and impaired cognitive control of emotionally motivated actions in alcoholism. Thus, fiber tractography, together with functional neuroimaging, represent promising technologies to explore the role of abnormalities of regional frontocortico-limbic-striatal-cerebellar connectivity in dysregulation of emotion in KS.
Summary, Conclusions, and Some Remaining Questions
Alcoholic KS occurs more often with prolonged alcoholism than from other etiologies, and it is characterized by severe anterograde amnesia that is out of proportion to other symptoms. Additional neuropsychological changes occur as well, including a variety of cognitive impairments and emotional abnormalities. The amnesia in alcoholic KS patients is thought to be caused mainly by damage to diencephalic and limbic structures, but cortical and cerebellar gray-and white-matter damage contribute to aspects of memory loss. Other neuropsychological impairments such as poor attention, difficulty with executive functions, and emotional flatness and apathy likely reflect dysfunction of a large and highly integrated fronto-cortico-striatal-cerebellar circuitry. Our understanding of KS has come a long way since Korsakoff's initial descriptions more than a century ago. Neuropsychological and neuroimaging techniques have revolutionized the ways we can explore brain and behavioral abnormalities. By skillfully applying these techniques, scientists now recognize that anterograde amnesia in KS is only a piece of a much more complex condition. Here we focused principally on the nonmnemonic neuropsychological dysfunctions associated with brain damage to prefrontal brain systems.
While advances have been made in understanding the contribution of dysfunction of prefrontal circuitry to neurobehavioral deficits in KS, many questions remain unanswered. We do not yet know, for example, the full nature of the attentional weaknesses in KS nor the extent to which they contribute to the memory impairments (or conversely, whether the impaired memory interferes with the execution of attentional strategies) (Banks 1996) . Additionally, we do not know precisely how emotional changes in KS are related to the memory defect, nor to what extent, and in what ways emotional involvement is essential for encoding or retrieving memories (or conversely, whether memory is essential to emotional processes) (Schulte et al. 2010) .
The anterograde amnesia of KS is unremitting. Although there is mounting evidence from research on uncomplicated alcoholism that damage to one component of the affected brain circuitry can lead to compensatory functionality from another component Zahr et al. 2010) , this remains an open question regarding alcoholic KS. For example, might the extensive and combined frontal and cerebellar damage in KS reduce the brain's ability to establish functional compensation, thereby contributing to the permanence of the disorder?
Another unexplored question concerns whether or not frontal system damage in alcoholic KS is manifested differently in men and women. This is likely, because of the plethora of gender differences in brain and behavioral abnormalities in alcohol use disorders generally (Medina et al. 2008; Pfefferbaum and Sullivan 2002; Urban et al. 2007 ).
The results of recent neurobehavioral and neuroimaging studies have revealed frontal system dysfunctions in alcoholic KS that parallel those reported for most addictions, including widespread prefrontal hypoactivity during exposure to cognitive and emotional challenges (Goldstein and Volkow 2011) . Moreover, the roles ascribed to disruption of prefrontal circuitry common to KS and the addictions are emotion disregulation and interference with executive control. Although frontal system circuitry is a highly integrated system, its subcomponents (dorsolateral prefrontal, ventral/orbitofrontal, and medial frontal), including their underlying connections, are involved in diverse neurobehavioral functions.
What remains to be determined is the relative contribution of the subcomponents to the various domains of impairment, and whether the functions of the subcomponents are affected differently in KS, uncomplicated alcoholism, and other addictions. As results of continued research begin to answer these many questions, treatment and management options will expand for the afflicted individuals (Sechi and Serra 2007) .
